Background: Large space-occupying middle cerebral artery (MCA) infarctions with signs of elevated intracranial pressure and brain herniation have overall mortality rates of 80%. Several studies have suggested that decompressive surgery reduces mortality and improves outcome of these patients. Aim: The aim of this study was to evaluate the clinical and radiological outcome of decompressive craniectomy in the setting of malignant MCA infarctions. Patients and method: This is a prospective study conducted on patients presenting with manifestations of malignant MCA infarction. All cases were operated upon by decompressive craniectomy and duroplasty within 6 h of presentation or deterioration in Glasgow Coma Scale (GCS). Functional outcome was assessed in terms of mortality and modified Rankin Scale (mRS) for neurologic disability. Radiological outcome was assessed by comparing the midline shift in the preoperative CT and 24 to 96 h postoperatively. Results: Twenty-five patients were included in this study. The mean age was 64.4 years. The mean preoperative GCS score was 8.14. The mean preoperative midline shift was 7.9 mm. All cases showed radiological improvement in the early follow-up period. Good functional outcome based on mRS was achieved in 64% and poor outcome in 36% of cases. The overall mortality in this study was 28%. Conclusion: Early decompressive hemicraniectomy had a proven role in reduction of mortality and improving functional outcome in cases with malignant MCA infarction. Among other factors, timing of surgery and the preoperative clinical condition were factors that affected the final outcome.
Introduction
The term "malignant middle cerebral artery (MCA) infarction" is used to describe a distinct type of cerebral infarctions, characterized by total occlusion of the MCA. These are the most devastating form of acute stroke, with an overall mortality of 80%. They represent 8-15% of all cerebrovascular strokes. Malignant MCA infarction is characterized by acute massive brain edema, elevated intracranial pressure, and uncal herniation. Malignant infarction may also contain another type showing infarction of both the MCA and the anterior cerebral artey (ACA) territories [5, 8] .
The neurological manifestations of cerebrovascular stroke are more severe in cases of malignant MCA infarctions, including hemiplegia, cranial nerve affections, hemianasthesia, and global aphasia. These signs usually progress to disturbed conscious level and death with 24 to 72 h. Other terms used to describe this condition include "space-occupying MCA infarction," "massive MCA infarction," and "cerebral infarction with swelling" [3, 7] .
The optimal management protocol for malignant MCA infarction remains controversial, with many studies comparing the outcome of conservative medical treatment alone, or combined with surgical decompression in the form of decompressive craniectomy. Decompressive craniectomy has been already proven to be effective in the management of elevated intracranial pressure related to trauma, though its effectiveness in setting of malignant stokes is still under debate. However, several studies report a 40-50% increase in survival rates when decompressive craniectomy is performed in cases with malignant MCA infarctions [9, 6] .
Medical management should take place in a specialized neuro-intensive care unit, with a primary goal of reducing intracranial pressure and maintaining adequate cerebral perfusion pressure, as well as cerebral blood flow. Medical treatment includes hyperventilation, body positioning, hypothermia, brain dehydrating measures (mannitol, hypertonic saline, and corticosteroids), and barbiturate coma [1] .
The standard technique for surgical decompression is decompressive hemicraniectomy (or in situ hinged craniotomy) combined with augmentation duroplasty. There is still a controversy concerning the optimal time for surgical intervention and also the cutoff age limit for surgical decompression [9] .
The aim of this study was to evaluate the clinical and radiological outcome of decompressive surgery in the setting of malignant MCA infarctions and to study its effect in reducing the overall mortality rates of this fatal condition.
Patients and methods
This is a prospective clinical study conducted on 25 patients diagnosed to have malignant MCA infarction who presented to the Neurosurgery Department of Cairo University Hospitals. Patients were collected over 6 months (from June to Dec 2016). Cases had a follow-up period ranging from 4 days to 6 months (mean 3 months). We had approval from the local ethical committee concerning aspects of medical research. None of the authors have any competing interest in this research.
Malignant MCA infarction was diagnosed radiologically by the presence of signs of ischemia in more than two thirds of the MCA territory (may be combined with ACA territory) on brain computed tomography (CT) or diffusion-weighted imaging (DWI) whenever available.
Cases diagnosed with malignant MCA infarction showing clinical evidence of ischemic insult, disturbed conscious level (Glasgow Coma Scale (GCS) ≤ 12), and CT evidence of massive brain edema with midline shift more than 5 mm (calculated at the level of the septum pellucidum) were included in this study and operated upon by decompressive surgery within 6 h from deterioration of conscious level. Patients with lost brain stem reflexes, GCS ≤ 4, intracerebral hemorrhage, and severe hemodynamic instability were excluded from this study (Figs. 1, 2, and 3).
All cases were admitted in the neuro-intensive care unit, were fully resuscitated, full neurological examinations performed, and have routine preoperative investigations done. Surgical intervention was started within 6 h from admission or from deterioration of conscious level in cases who were primarily managed conservatively. Medical therapies for cerebrovascular stroke and elevated intracranial pressure are started immediately after admission and continued after surgery.
Standard decompressive surgery was performed for all cases according to the following steps: (1) large fronto-tempro-parietal question mark skin incision, (2) a large hemicraniectomy bone flap (minimum 12 cm diameter), (3) C-shaped opening of the dura, (4) augmentation of the dura either with a pericranial flap or fascia lata graft, (5) the bone flap is placed subcutaneously in the anterior abdomen or kept in situ flail hinged to the temporalis muscle, and (6) the bone flap is planned to be reimplanted 6 months later.
Functional outcome was assessed in terms of mortality and modified Rankin Scale (mRS) for neurologic disability [10] . Good outcome was defined as mRS from 0 to 3, while poor outcome was defined as mRS from 4 to 6. Radiological outcome was assessed by comparing the midline shift in the preoperative CT and 24 to 96 h postoperatively.
Results
Twenty-five cases with malignant MCA infarctions were included in this study in the period from June to December 2016. In our study, there was 14 males (56%) and 11 females (44%). The age of the cases ranged from 35 to 72 years; the mean age was 64.4 years. Two cases were less than 50 years (8%), 7 cases between 50 and 60 years (28%), 15 cases between 60 and 70 years (60%), and 1 case above 70 years (4%). Twenty-three cases had MCA infarctions (92%), while 2 cases had both MCA and ACA infarctions. Fourteen cases were right sided while 11 cases were having left-sided infarctions.
It was the first ischemic insult in 21 cases (84%), while it was on top of a previous stoke in 4 cases (16%). Seventy-two percent of cases were hypertensive, 44% were diabetic, 36% had atrial fibrillation, and 20% had ischemic heart disease. Cases included in this study were selected to have GCS scores more than 4 and less than 13. Most of the cases (56%) had GCS scores between 7 and 10, 28% had GCS scores 5 and 6, while 16% had GCS scores 11 and 12. The mean preoperative GCS score was 8.14.
The study group was selected to have midline shift more than 5 mm. The mean preoperative midline shift was 7.9 mm. Thirty-six percent of cases had preoperative midline shift between 5 and 7.5 mm, 60% had midline shift between 7.5 and 10 mm, while 4% had midline shift more than 10 mm.
All cases were operated upon within 6 h from the initial presentation in 16 cases (76%), while the remaining 24% of cases were managed conservatively initially as they did not meet our inclusion criteria, but they deteriorated and were included in the study; they were operated upon also within 6 h from the deterioration. All cases were operated upon by decompressive hemicraniectomy and duroplasty; the bone flap was placed subcutaneously in the anterior abdomen in 76% of cases or kept in situ flail hinged to the temporalis muscle in 24% of cases. We did not meet intraoperative complications or mortalities in any of our cases.
All cases showed radiological improvement concerning the midline shift in the follow-up CT scans; the mean postoperative midline shift in the first 24 h follow-up CT was 4.8 mm. The midline shift resolved in all cases within 7 postoperative days; the mean was 3.6 days. There was 7 mortality cases in this study (28%): 4 of these cases did not show any clinical improvement after surgical decompression (despite radiologic improvement of midline shift), while the remaining 3 cases showed initial clinical improvement but later on died. Two of the cases (8%) had hemorrhagic transformation of the stroke after decompression; both were moderate sized and were managed conservatively. ICU-related complications (bed sores, pneumonia, DVT, and sepsis) occurred in 11 cases (44%) and were fatal in 3 cases (12%).
Good outcome (mRS 0 to 3) was achieved in 16 cases (64%), while poor outcome (mRS 4 to 6) was found in 9 cases (36%). The mean mRS at the end of the follow-up period was 3.36.
Discussion
Malignant MCA infarction is a life-threatening condition caused by complete occlusion of the MCA alone or may be combined with ACA occlusion. It is diagnosed radiologically by the presence of signs of ischemia in more than two thirds of the MCA territory associated with massive brain edema and uncal herniation. Malignant MCA infarction occurs in 10% of supratentorial strokes. It does not have a certain age group at risk, and clinically worsening usually occurs in the first 24-48 h [4] . The main suspected cause of death in cases of malignant MCA infarction is thought to be the massive brain edema leading to uncal herniation and brain stem compression.
Conventional therapies for malignant MCA infarctions are directed to reduce the brain edema and elevated intracranial pressure and also to maintain adequate cerebral perfusion to spare the penumbra areas as well as the non-ischemic areas. Non-surgical therapies include positioning, hyperventilation, barbiturate coma, hypothermia, and brain dehydrating therapy (mannitol, hypertonic saline, corticosteroids, glyburide, and glycerol). However, all these measures are not always effective and sometimes elevated intracranial pressure is refractory to this medical therapy and leads to mortality.
Decompressive craniectomy has been proven to be an effective tool for reduction of malignant elevations of intracranial pressure in cases of head trauma and during cranial surgeries. The aim of decompressive surgery is to open the rigid skull converting it to an open box. According to the Monro-Kellie doctrine, increasing the volume of the skull will help to reduce the intracranial pressure. Just removal of the bone flap was proven to reduce ICP by 15%; further reduction, up to 70%, occurs after opening the dura. Elevation of a 12-cm-diameter bone flap will add 86-ml additional volume to the skull [2] .
Our study was conducted upon 25 patients with radiologically proven malignant MCA infarcts; all were chosen to have a midline shift more than 5 mm preoperatively and were also chosen to have GCS scores between 5 and 12. We studied the effect of early decompressive surgery on the clinical outcome and overall mortality rates. One of the authors proved in a previous study that leaving the bone flap hinged flail to the temporalis muscle has the same efficacy of removing it totally, so both techniques were used in this study [13] .
Many other researchers have published promising results of early decompressive hemicraniectomy for malignant MCA infarcts. Most of the studies stated that the incidence of permanent major disability or persistent vegetative state remains unchanged but there is a marked reduction in the overall mortality rates and also an increased percentage of cases with a good functional outcome. Three European randomized controlled trials were recently published studying the effect of decompressive surgery for malignant MCA infarcts: the German DESTINY trial, the Dutch HAMLET trial, and the French DECIMAL trials [9, 6, 12] . Pooled analysis of these studies demonstrated reduction in mortality rates by 49% and good functional increase by 22% compared to conservative treatment group.
In our study, the mean age of cases was 64.4 years, 56% were males, and 86% of cases had prestoke comorbidities (hypertension, diabetes, ischemic heart disease, and AF). All cases showed radiologic improvement of the midline shift, and the mean resolution time was 3.6 days. We had 28% mortalities among our cases, favorable functional outcome (mRS 0-3) in 64% of cases, and poor outcome (mRS 4-6) in 36% of cases, with a mean mRS 3.36 at the end of the follow-up period. In all our cases, surgical decompression was done early, within 6 h from presentation or deterioration. We had no surgery-related mortalities or complications; only two cases had hemorrhagic transformation that did not affect the final outcome. Age, preoperative size of midline shift, comorbidities, and side of the infarct did not have a statistically significant effect on the final outcome. The preoperative clinical condition and GCS score were the only factor affecting the final outcome.
These results were supporting several published results, as well as the three main European trials investigating malignant MCA infarcts. The study published by Bansal et al. demonstrated mean mRS 3.33 at discharge [2] , and the study published by Raffiq MA showed good functional outcome based on mRS in 48.9% of patients at 3 months and in 64.4% of patients at 6 months [11] . Also the pooled analysis of the three European trials showed 43% of cases had favorable functional outcome and 29% mortality rate [9, 6, 12] .
Conclusion
Malignant MCA infarcts, with massive brain edema and uncal herniation, remains as a life-threating condition that has to be instantly managed in order to reduce mortalities and morbidities. Early decompressive hemicraniectomy has been proven to be an effective tool to reduce mortality rates and increase probability of favorable functional outcome after malignant MCA infarcts. Factors like patients' age, site of infarct, and preoperative midline shift did not affect the final outcome. Preoperative clinical condition, preoperative GCS scores, and early timing of surgery led to favorable clinical outcome. A study with larger sample size and longer follow-up is recommended for better confirmation of these facts. 
